Heat capacity of poly(methyl methacrylate), polyacrylonitrile, poly(methyl acrylate), poly(ethyl acrylate), poly(n-butyl acrylate), poly(iso-butyl acrylate), poly(octadecyl acrylate), poly(methacrylic acid), poly(ethyl methacrylate), poly(n-butyl methacrylate), poly(iso-butyl methacrylate), poly{hexyl methacrylate), poly(dodecyl methacrylate), poly{oc-tadecyl methacrylate) and polymethacrylamide is reviewed on the basis of measurements on 35 samples reported in the literature. A set of recommended data are derived for each a<.;ry Ii<.; pulyIIlt:r in tht: amorphous state. Enthalpy and entropy functions are calculated for poly(methyl methacrylate) and polyacrylonitrile. This is the sixth paper in a series of publications which will ultimately cover all heat capacity measurements on linear macromolecules.
. Heat capacity of poly(iso-butyl acrylate) .
Introduction
This is the sixth paper in a series of discussions on the he~t capacity oflinear macromolecules. In the earlier papers [1-5F. the heat capacity of selenium. polyethylene. polypropylene, polystyrene and various types of polyoxides have been analyzed. This paper deals with acrylic polymers. In subsequent papers heat capacity of all other polymers with carbon backbone, polyamides, polyesters and polymers containing aromatic groups and/or inorganic chain atoms will be evaluated. Table 13A . Heat capacity of various poly(n-butyl methacrylate)s Table 14A . Heat capacity of poly(iso-butyl methacrylate) Table 15A . Jl~Clt capacity of poly(hexyl methacrylate) Table 16A . Heat capacity of poly(dodecyl methacrylate) [6, 7, 8] . For acrylic polymers with long side chain (more than 10-12 carbon atoms), side chain crystallinity is observed [8, 9] . The glass transition temperature of this kiml of polymer with side groups usually decreases as the length of the side group increases. Reimschuessel [8] has derived several empirical equations which correlate the glass transition temperature with the number of carbon atoms in the side chain. It was found that the glass transition temperature decreases monotonically as the length of the alkyl side-chain increases toward a critical length. The critical length is different for different kinds of polymer backbones (e.g., 9 for poly(alkly acrylate) and 12 for poly(alkyl methacrylate).
Heat Capacity of Acrylic Polymers
Reimschuessel [8] suggested that the decrease in glass transi-. tion temperature is due to the interaction of the backbone and the side chain. An increase in the length of the side chain will result in a larger free volume, a reduced packing density, and thus a reduced steric hindrance to mobility. As the side chain length increases beyond the critical length, a renewed increase in the glass transition temperature is seen, now mainly due to decreasing side chain mobility. Finally the glass transition temperature has to approach the glass transition temperature of polyethylene as the side chain becomes much longer. 
The RMS deviation was 11.4%. Equation (1) 
The RMS deviation was 0.8%. The data from 150 to 370 K were curve fitted into the equation
The RMS deviation was 0.3%. The smoothed values.ob· tained from 0.1 to 5 K, obtained from cq (1), from 60 to 180 K, obtained from eq (2) and from 190 to the glass transition temperature (378 K), obtained from eq (3), and data on sample 14 from 20 to 60 K are given in table 4.
To determine the recommended heat capacity data on molten poly(methyl methacrylate), the data on all molten samples were plotted. Agreement between the data on samples 16, 25, and 26 is quite good. However, the da.ta of IIoff· mann and Knappe on sample 22 and the data of Pavlinov et aI. on sample 18 show large deviations (3-5%). These data were omitted. Hoffmann and Knappe's data on other :molten acrylic polymers also shows deviations (sec. 2.3.3) and the· data of Pavlinov et al on glassy poly(methyl methacrylate) also shows large deviations.
The recommended data on the heat capacity of UlUltell poly(methyl methacrylate) were determined by curve fitting the data on samples 16, 25, and 26 from 320 to 550 K into the "Indirect measurement of heat capacity from thermal diffusivity (claimed uncertainty 5%).
Heat capacity reported for poly(methyl methacrylatcl,poly(ethyl methacrylate) and poly(n-butyl methacrylate). Their data show large deviation (3-7%) from the data recommended here. The pressure dependence of heat capacity of poly(methyl methacrylate) was determined from simultaneous measurements of thermal conductivity and diffusivity at 300 K in the pressure range 0-25 kbar. The heat capacity decreases with increasing pressure, and its value at 25 kbar is 0.93 times that at atmospheric pressure.
Sample characterization not reported. Data could not be read accurately from too small graphs.
Data reported for poly(phenyl acrylate). These publications are not available in our data bank.
Besides heat capacity measurements on poly(hexyl methacrylates) discussed in section 2.3.3., data also reported fO-I'-Illo.l ten--JW-ly (gly~-i.dyl methacryl·a-t-e-j over a limited temperature range (350 to 400 K).
Heat capacity reported at 303.to 363 K as a function of pressure (0-5 bar).
Heat capacity data reported as a function of mechanical history.
Heat capacity reported from 323 to 523 K as a function of pressure (0 2 kbar).
Heat capacity in the glass transition region reported as a function of thermal history. e Average of two measurements Table   Table   Table   Table   Table e 1071 T"Ll" 4. Recommended thermodynamic ciC1to. £or a.morphou3
poly (methyl methacrylate) a Since very limited heat capacity data are available above the glass transition (only from 390-400 K), the recommended heat capacity data are derived only below the glass transition.
The recommended data on the heat capacity of glassy polyacrylonitrile were obtained by curve fitting the data on samples 38 and 39 from 60 to 370 K into the equation
The RMS deviation was 1.1%. Equation (5) The HNoulllleuded ualC!. 011 C!.lllh~e C!.crylic polymers in their glassy and molten states were determined by curve fitting the data below and above the glass transition, respectively. These data are listed in tables 20-23.
Theresul~f·curve-fittings-used-to-derive-the-:recom-" mended data are given in table 24. The equations used for curve fitting are listed separately in table 25 . Also listed in table 24 are the RMS deviations and the number of data points used in curve fitting. The data points not used for curve fitting the literature data to derive equations for recommended data for PMA, PEA, PIBA, PMAA, and PEMA are also listed in table 24 .
The data of Sochava and Trapeznikova on PMA and PMAA from 50 to 210 K are in good agreement with the recommended data below 120 K, but at higher temperatures show large deviations (up to 10% at ~10 K). Since other acceptable data are available for both PMA and PMAA, the data of Sochava and Trapeznikova were rejected over the 
[51]
Gaur and 5. Amorphous Wunderlich (1981) [7 ] GAUR ET AL. Table   a Heat capacity of poly(methyl acry1ate-co-methy1 methacrylate) extrapolated to zero content of methylmethacrylate.
bHeat capacity data below the glass transition on a series poly(methyl acrylate-co-acrylonitrile) and poly(methy1 acrylate-eo-vinyl chloride) copolymers extrapolated to 100% methyl acrylate and averaged.
CAverage of two nieasuremeuL. M ::; 560,000 w [41] 220-500 Table   (1%) aStraight line drawn through heat capacity -temperature plot to retrieve data.
THERMODYNAMIC PROPERTIES OF ACRYLIC POLYMERS
bAverage of three measurements. Source of data Table Table 16 .
Heat capacity measurements of poly(hexyl methacrylate) entire temperature range. The data on sample 7 (PEA) from 220 to 240 K were also omitted. These data are the first four data points of DSC measurements through the glass transition and differ from more reliable data by 5 %.
In the molten state, DSC measurements are considered more reliable (see ref. [1] ) than adiabatic measurements. The adiabatic measurements on molten samples (sample nos. 2, 3,4,6, and 27) showing deviations (2-5%) from DSC data from our laboratory were omitted.
The recommended data on poly(methyl acrylate}, poly-(methacrylic acid) and polymethacrylamide were obtained from curve fitted functions reported in the literature PMA [42, 43] 
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Temperature (K) FIGURE 4. Recommended heat capacity data for polyacrylonitrile (PAN), poly(methacrylic acid) (PMAA) and polymethacrylamide (PMAM).
Conclusions
Heat capacities of poly(methyl methacrylate), polyacrylonitrile, poly(methyl acrylate), poly(ethyl acrylate), poly(nbutyl acrylate), poly(iso-butyl acrylate), poly(octadecyl acrylate), poly(methacrylic acid), poly(ethyl methacrylate); poly(n-butyl methacrylate), poly(iso-butyl methacrylate), poly(hexyl methacrylate), poly(dodecyl methacrylate), poly(octadecyl methacrylate) and polymethacrylamide are reviewed on the basis of measurements on35 samples reported in the literature. A set of recommended data is derived for each acrylic polymer in their amorphous state. These data are plotted in figures-Ito 4. Entropy and enthalpy functions have been derived for poly(methyl methacrylate) and polyacrylonitrile.
Recommended heat capacity data on these acrylic polymers are being analyzed in terms of their chemical structure, to derive heat capacities of various structural units towards an updated heat capacity addition scheme [53] [54] [55] . The results of this analysis would be reported at a later date.
Heat capacity change of the glass transitions for acrylic polymers for which recommended heat capacity data are available in their glassy and molten states are listed in table 26 . These .dCp(T g } data are being analyzed, along with 41 C (Tg) data for other linear macromolecules in terms of the hol~ theory of the glass transition [54, 56] . The results ofthis analysis will also be reported at a later date.
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